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INTRODUCTIOh' 

Determination of electron a f f i n i t i e s  by surface ionizat ion has long been a 
f i e l d  of grea t  i n t e r e s t .  Several fac tors  make experinental  negative ion  current 
measurements d i f f i c u l t .  
ion emission. hence, thermionic electrons are also emitted and contribute to t he  
negative ion current.  The e lec t rons  may also form negative ions i n  gas phase 
co l l i s ions  and thereby tend t o  obscure the  e f f e c t s  of t he  surface ionization. 
ious mettods, such as keeping the  surface temperature low so the  e lec t ron  emission 
ie syll and supressing the  electrons with a magnetic f i e l d  p a r a l l e l  t o  the  cath- 
Ode, 
The former method allows excessive contamination of the  surface by gas at- lead- 
ing t o  erroneous resu l t s .  
Current is due t o  a single species. Mass spectrometric methods prove far superior  
t o  e i t h e r  of the above techniques s ince not  only are the e lec t ron  and ion beams 
eeparated but i den t i f i ca t ion  of t h e  emitted ions is  made possible. 

Relatively high temperatures are required fo r  negative 

Var- 

have been used t o  separate  the  e f f ec t  of thermoelectrons from ion emission. 

Both methods requi re  t h e  assumption that the negative ion 

394 Several papers involving determinations of e lec t ron  a f f i n i t y  differences 
of the  halogens u t i l i z i n g  mass analysis of the  product ions have been published. 
These experintents were large ly  l imited t o  fi laments surrounded by d i l u t e  atmospheres 
of diatomic interhalogen compounds or double beams of alkali hal ides  directed upon 
a hot  filament. 
ssaall portion of a tungsten ribbon filaatent so t ha t  there  should be a negl ig ib le  
temperature gradient across the beaoa-surface in te r face .  
periments is t o  explore the f e a s i b i l i t y  of using polyatomic wlecules containing 
two electronegat ive species for the determination of e lec t ron  a f f i n i t y  differences, 
ruad to  examine t he  extent of dissociat ion of such molecules on a ho t  tungsten sur- 
face as a function of surface temperature. 

I n  this work a w e l l  collimated molecular beam is incident  upon a 

The purpose of these ex- 

TIIEOiXY 

The e lec t ron  a f f i n i t y ,  E(X), of an atom X is defined as the energy a t  O°K 
Qf the  e lec t ron  attachment reaction. 

This quant i ty  may be obtained fro= a measurement of the equilibrium constant, R 
f o r  the reaction. For ( l ) ,  P I  

where Fi ( O )  are the  f r e e  energies of the  reactants  and products chosen so t h a t  they 

are zero a t  O°K and P 
calculated from the  numbers, Zi, of species i being emitted from a hot surface a t  
temperature T from the r e l a t ion  

equal t o  one atmosphere. The partial pressures,  Pi, may be i 

-1- 



*L . The method of e lec t ron  a f f fn i ty  differences s e d  i n  thi; work’ involves. 
fhe neasurmen? of negative ion citrtents of X- aad Y 
sur face  upon which impinges a beam of molecules of the  type amln, where X=F and 
YpC1. 
ties of the  two halogens. 

emitted from a hot  tungsten 

The r a t i o  of these  currents then gives the  difference i n  the electron a f f in i -  

I f  a a m y n  molecule dissociates  on a hot surface according t o  

“m’n 

x + Y- 2 x- + Y 

+ C + m X + n Y  ( 5 )  

( 6 )  

(7) 

equilibrium between the  two halogens emitted from the  surface w i l f  e x i s t  as 

For (61, 

and. 

-AP(O)/RT = 1n K - ln[<%-/i+->(%/%)~ 
P 

The Fi ( O )  may be evaluated i n  terms of Qi, the  i n t e r n a l  p a r t i t i o n  functions of 

species i. Subst i tut ing t h i s  with (8) i n t o  (7) gives the  difference between the  
e lec t ron  a f f i n i t i e s  of S and Y: 

EOE)-E(Y) = R1: C;tr.-/Zy-’ (Z,/Z,> (\--/Qf) ($/%I I ( 9 )  

%-/%- is s h p l y  the  r a t i o  of the  emitted ion  currents.  

uumbers of Y and X atoms leaving t h e  surface or the  r a t i o  of t h e i r  concentrations 
on the  surface and is equal t o  n/m s ince  2 -c<Zx and $-“$. 

Zy/% is the  r a t i o  of the 

Hence X 

Therefore the slope of a p l o t  of t he  left  hand s i d e  of (10) va 1/T gives the  
e lec t ron  a f f i n i t y  difference atid t h e  in te rcept  at 1 /T=O gives m/n,  i f  the  dissocia- 
tion on the  surface is complete. 

The e lec t ronic  p a r t i t i o n  function of the  X and Y atoms is given by 

Q = go+l R, exp(-Ej/kT1 (11) 
J 

where g 

bpcctively and E, is the  difference i n  t h e  energies of the  two states. 

and gf are the  degeneracies of the  ground and jth exci ted states res- 
0 

Fluorine 
J 

&d chlor ine each have a l owly ing  %,,, excited state of energies above the  
A I L  

2P3/2 ground state corresponding to 434 and 881 cm-’ respectively.  The ions i n  - I t he  ground states possess 

excited states. 

So configurations and presumably have no low-lying 

U e n c e  the r a t i o  of f luorine t o  chlorine p a r t i t i o n  functions is 

Q,/Qcl = [4 + 2 exp(-404 x 1.439/T)1/[4+2exp(-831 x 1.439/T)] (12) 

1 

If the  assumptions made a3ove are correct the r a t i o  of the ion  currents is inde- 
pendent of t he  work function of the surface and the  beam f lux  incident  upon the  
surface. Also, i t  m u s t  be assumed that the accomodation coef f ic ien ts  f o r  e lec t ron  
exchange between t he  surface and X and Y atoms on t he  surface are unity. 
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c 
d APPARATUS 

_I 

The apparatus is shown schematically i n  Fig. 1. The gas is introduced 
i s t o  chamber 1 where it effuses out of a 1/2 ran o r i f i c e  at  (a) and is collimated 
by orifices (b) and ( c ) .  The beam then impinges upon a polycrystal l ine tungsten 
filament (f) and the ions are extracted and accelerated by a series of electrodes 
at (e) and ( 8 ) .  The ion beam enters a 3 inch radius-of-curvature 90' magnetic 
def lec t ion  mas8 spectrometer and s t r ikes  the  cathode of a Bendix magnetic electron 
mult ipl ier .  
electrometer amplifier. 

2 x amp. 
are a l l  separately pumped resu l t ing  i n  background pressures of about 10 
$n the react ion chamber (14 ) .  
tion of the molecular beam so that t h e  background ion current due t o  both surface 
i tnizat ior i  a i d  electron bmhirctiaezit of the residual gas may be measured. 

The output currents of the mul t ip l ie r  are measured with a Keithley 
The lower lidt of measurement of ion currents is approxi- 

Chambers 2, 3, and 4 and the  analyzer tube of the  mass spectrometer 
-7 t o r r  

A beam shu t t e r  located in chamber 3 allows in t e rup  

MEASUREMENTS 

The pressure of the  reactant gas is raised in t he  beam source (Chamber #l, 
pig. 1) and a beam is formed which strikes the t a rge t  filament. 
t rac ted  from the filament and focused on t h e  entrance slit of t h e  mass spectrometer. 
The ion energy upon entrance t o  the mass spectrometer is 1000 volts. 
spectrum is swept and peaks are observed at m/e  of 16, 19, 35, and 37. Mass 16 
(0-1 is assumed t o  arise from electron bombardment of background gas and oxides 
on the filament. Masses 19, 35, and 37 are P - , ( c I~~) - ,  and (~1~~)'. The (C137)' 
to  (C13')' ratio is 113 in al l  cases.- Peaks 19 and 35 were swept successively 
and t h e i r  r a t i o ,  corrected for (C13'> , taken as a function of the  filament 
tenperature. 
with an op t i ca l  pyrometer of the disappear ing  f i fanent  type. 

The ions are ex- 

The mass 

The ternperature measurements w e r s  xade by s ight ing on the filament 
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Figure 2 shows a p lo t  of l og f (1  /Ic1-)] vs 1/T f o r  CP3C1, CHF2C1, CF2ClZ. F- 
and CFC13. 

equal t o  0.20 eV as reported by Bailey 
at high temperatures by the  method of least squares. 
trend of t he  in te rcepts  t o  higher values of m/n as the  F t o  C 1  atom r a t i o  increases 
i n  each molecule. Eiowever, the in te rcepts  are f a r  below the  values expected i f  the 
molecules are completely dissociated on the  surface. Table 1 gives the theo re t i ca l  
and observed values of m/n. 

The s t r a i g h t  l i n e s  are assigned a slope corresponding t o  E(C1) - E(F) 

and are f i t t e d  t o  the experimental points  3 

The p lo t s  indicate  the  correct  

T a b l e  1. 
CFmCln (m’n) theory (m’n)obs. 

CF3C1 3 0.56 

MFZCl 2 0.35 

CFC13 1/ 3 0.12 

CF2C12 1 0.23 

Over a port ion of the temperature range covered the  s t r a i g h t  l i n e  f i t s  
the experimental points  f a i r l y  w e l l .  
i n t e rcep t s  suggests that the  molecules are incompletely dissociated on the  surface 
end t h a t  the degree of dissociat ion,  although not  unity,  is at least constant 
Over some temperature Interval .  The change i n  slope at  lover temperatures in- 
dicates t h a t  the degree of dissociat ion is changing i n  t h i s  temperature range. It 
should be noted tha t  the s t r a i g h t  l i n e  port ion of t he  p l o t s  extends over a grea te r  
range of temperatures and t h a t  the  fa l l  off  is less s teep  as the  F t o  C 1  atom 
r a t i o  decreases. 

This combined w i t h  t h e  l o w  values of the  

No peaks corresponding t o  undissociated fragments of the  molecules 
(e.g. CF-) w e r e  observed. 
e lec t ron  a f f ix i i t i es  of the rad ica ls  must be s 3 eV. 

I f  such ions a re  emitted from the  surface then the  

CONCLUSIONS 

It is not evident why the degree of d i ssoc ia t ion  should be constant at  
The increasing degree the higher temperatures when it  is c till less than unity. 

of d i ssoc ia t ion  at lower temperatures may be explained by considering the  C F  and 
the  C-C1 bond strengths.  The average C-F bond s t rength  is about 4.4 e V  and the  
average C-C1 bond s t rength  i s  about 3.3 eV. 
relative probabi l i ty  of breaking a C-F bond t o  t h a t  of breaking a C-C1 bond in- 
creases. 

As the  temperature increases the  

These results indica te  t h a t  polyatomic molecules can be used at su f f i -  
c i en t ly  high temperatures f o r  determining e lec t ron  a f f i n i t y  differences,  although 
the r e s u l t s  are not completely sa t i s fy ing  because of the incomplete d issoc ia t ion  
observed. 
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A degree of dissociat ion for  each molecule may be calculated from the  

value of the  in te rcept  of t he  p lo t  i n  Fig. 2. 
nature of the  dissociat ion then a1 = [(m/u)obs/(n?/n)theo, I gives t he  degree of dis- 

sociation in the  temperature in t e rva l  of its constancy. 
make, however, is t h a t  t he  C-C1 bonds are completely broken. 
#egree of dissociat ion of t he  C-F bonds, u2 = x/(m-x). 

of calculat ing these two degrees of dissociation. 

If no assumptions are made as t o  the  

A reasonable assumption to  
Then one can obtain a 

# 

Table 2 gives the r e s u l t s  

T a b l e  2. 
CFmCln a1 =2 

CHFzCl 0.18 0.21 

CF3C1 0.18 0.23 

CFZCl2 (3.23 0.30 

CFC13 0.36 0.56 

CF C 1  -+ CFPxC1 i- xF + yC1 
n-Y %: m n 

CFmCln * CFWx+ xF + nC1 "2 : 
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